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Secretary of the Commission
Rulemaking No. 8577
FedQral Communications Commission
1919 M Street, NW, Suite 200
Washington, DC 20554

Attention: William Caton

Dea Mr. Caton:

I am writing this letter to express my strong
opposition to the Cellular Telecommunications
Industry Association's petition to the FCC to
override state and local regulations of antennas.
The FCC's Pul;llic Notice of a Rulemaking of this
petition was published on January 18, 1995, No. 8577.

Due to new scientific information I am opposed:

1. CTIA and Carlo charged with conspiracy to deceive
public. Microwave News, Mar./Apr. 1995.

2. More stringent EMC standards suggested (for
cellular telephones~- Biomedical Safety & Standards
25:49-51, Apr. 1995.

3. Cellular phone risk? USA Today, Apr. 28, 1995, p. B1.

4. Clutter on airwaves can block workings of
medical electronics: reports trace inter£erence to
cellular phones, TV; safeguards are spotty.
Wall Street Journal June 15, 1994.

5. Goldsmith, J. R.
Epidemiologic evidence of radiofrequency radiation
(microwave) effects on health in military, broadcasting,
and occupational studies. International Journal of
Occupational and Environmental Health 1:47-57,Jan.!Mar. 1995
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6. The National Capital Planning Commission has established
Antennae Task Force
Enclosed are there recommendations
February 2, 1995.

I hope you will consider the new scientific information
and protect lives of millions of people.

Sincerely yours,

Marija Hughes
Owner/Publisr.er



Cell Phone Company Manager with Brain Tumor Sues Motorola;
CTIA and Carlo Charged with Conspiracy To Deceive Public

Debbra Wright, an Arizona-based manager for Bell Atlan
tic Mobile, has filed suit against Motorola Inc., charging that
its portable cellular phones caused or aggravated her brain tu
mor. Motorola is also accused of failing to test the phones for
safety or to warn users of health risks, and of conspiring with
other parties to deceive the public about the health risks posed
by cellular phones.

Others named in the conspiracy charge are the Cellular
Telecommunications Industry Association (ellA); Dr. George
Carlo ofellA's Scientific Advisory Group on Wireless Technol
ogy (SAG); Ron Nessen, CTIA vice president for public af
fairs and communications; and Carlo's consulting company,
Health and Environmental Sciences Group Ltd.

Nationwide, there are now eight lawsuits pending that seek
to link cellular phones to brain cancer, but this is the first by
an employee ofa service provider. It is also the first such case
to name the CTIA, Nessen or Carlo as defendants. The suit,
filed in an Illinois state court on March 2 in Chicago, is not
expected to go to trial until 1998 or 1999.

"This case uncovers the methods the industry has used to
avoid telling the truth to the public. It was decades before this
happened in the tobacco industry, before their propaganda ma
chine was exposed," said Wright's attorney, Robert Holstein
of Holstein, Mack & Klein in Chicago. He said that Wright
learned of her cancer in December 1993, on the same day CBS
News announced Motorola engineer Robert Kane's lawsuit over
his own brain tumor (see MWN, J/F94). Holstein's finn rep
resents Kane and three other plaintiffs in similar cases, in
addition to Wright.

Wright has worked in the cellular industry since 1988, first
for US West Cellular and then for Bell Atlantic Mobile. "I used
only Motorola's portable cellular phones," she said in an in
terview from her home in Gilbert, AZ, where she is recover
ing from her second round of brain surgery. "And I was a
heavy user." She added that her tumor is located "exactly where
I'd been holding the phone ever since I was in the business."

The defendants have issued strong denials. "We sympa
thize with the individual in question," said a press release from
Motorola. " However, we have seen these same opportunistic
lawyers before. They are dealing in junk science and base
less theories to pressure Motorola into out-of~ourt settlements."

"This case is not about safety or the scientific process,"
CTIA spokesperson Mike Houghton asserted in an interview.

MICROWAVE NEWS MarchiApril1995

"It's about greedy tort lawyers,"
In a written statement, Carlo said, "I am unable to com

ment on any specific aspects of the lawsuit," But he insisted
that, "The SAG's work is an open book,"

The suit has drawn attention to aCI1A workshop held last
December in San Diego, at which Carlo and Nessen were the
main speakers (see box, p.12).

As an example of what it calls "the CTIA's deceptive and
false pronouncements:' the complaint cites a 1993 statement
to the Wall Street Journal: "There have been thousands of stud
ies that have shown these phones are safe."

When asked if the CI1A still stands by that statement, Hough
ton said, "Back in 1993 we said there had been thousands of
studies that were either around, near or at the cellular range.
As we've gone forward, as the SAG has been established, it has
become apparent that more specific studies are needed....The
statement I'd make today is that there is no evidence that wouId
lead us to suspect any biological reason why they might cause
any harm,"

Last November, Wright asked Bell Atlantic Mobile for any
infonnation they had on research showing that portable cel
lular phones are safe. "You know what they gave me a week
later?" she recalled. "This little CI1A brochure folded in thirds.
My manager said, 'This is all we have.' The truth is, there is
no research proving safety. It's not there,"

The brochure in question was printed in January 1993,
according to Houghton. Titled Safe Cellular Phones, its first
paragraph contains this sentence in bold: "The research has
shown overwhelmingly that the radio transmissions from cel
lular telephones pose no health risk,"

Asked whether the CTIA would say that today, Houghton
answered, "It's not a yes or a no question. At that point in
time, that is what was known," He added, "We take comfort
in the fact that every day they don', find something is more
evidence in support of our original proposition,"

Wright insisted that, "You're not talking to a disgruntled,
nonperfonning employee," When she worked in phone sales
for US West, Wright says. she was twice named salesperson of
the year for the Southwest region. Just days before her suit was
filed, she was promoted from assistant manager to manager
of Bell Atlantic Mobile's real estate division in the Southwest.

"I've sold a lot of phones," said Wright. breaking into tears.
"I might have jeopardized a lot of people's lives," But Wright

added that she takes comfort from the attitude of others who
work in the cellular phone business. "I can't tell you the num
ber of people in the industry who've called me giving support.
They're saying that the truth has got to come out,': .

Carlo's attorney said that his legal expenses Will be pal,d
by the escrow fund established by the CTIA to finance the SAG s
research effort. "Legal representation and liability coverage
are normal operating expenses of the scientific research pro
gram," James Ballerof the Washington law fum of BallerHammen
ex plained in a statement. Carlo and his consulting c?mpa~y are
named as defendants in the lawsuit, but the SAG Itself IS not.
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More Stringent EMC
Standards Suggested

The rapid growth in
communications technolo~

especially cellular telephones,
has prompted manufacturers,
regulators, voluntary standards
organizations and medical
electronic device users to
examine existing reqllirementL
(See Biomedical Safety & Stand·
ardse 24:41, April 1, 1994;
21:73, June I, 1991; 23:1,
January I, 1993). FDA and
others have been developing
and harmonizing standards for
radiofrequency emission meas
urement, test-method develop
ment and immunity testing.
Ongoing Australian research,
however, suggests that some
existing standards for medical
device eleCtromagnetic inter
ference (EMILi.!!1.!!lpnity and
electromagn~t.iccompatibility
(EMC) shou!QJ?e ra!_~~d.

Results of the study were
presented recently at the Inter·
national Standards Confere1Ue
on Medical Devices sponsored
by the Association for the
Advancement of Medical
Instrumentation and FDA.
EMC STANDARDS
conUnued on next page

Patient Mistakenly Taken )U- cv-+ ~ ,I'
Off Respirator Dies

Human error and failure to accurately communicate instruc
tions have been cited as common causes of adverse incidents
in healthcare settings. Failure of hospital policies to properly
address such human factors can increase potential liability
(see Biomedical Safety & Standards-, 22:103, July 15, 1992). A
patient at University Community Hospital'(UCH - Tampa,
FL) died less than an hour after a respiratory technician
carried out a physician's orders on the wrong patient. In an
interview with this newsletter, a UCH spokesperson com
mented that the patient was "taken ofT a ventilator and put
on a trachea collar." The technician reportedly failed to
properly identify the patient before carrying out the proce
dure. Subsequent attempts to resuscitate the patient failed.
The spokesperson added that the patient for whom the
procedure was intended was not in an adjacent bed. He said
that the incident was still under investigation by outside
consultants and state agencies and that ~e respiratory tech·
nician who made the mistake has been put on administrative
leave.

The spokesperson indicated that the hospital's current policy
is for employees to visually and, if possible, verbally confirm
patient identities. Policy also dictates that a patient's identifi
cation bracelet and hospital room chart be checked. Acknow
ledging that new policies have been implemented, the spokes
person declined to discuss the changes until they are approved
by the appropriate agencies. The accident occurred less than
two weeks after a surgeon at the same facility amputated the
wrong lower leg of a diabetic patient. Index: Ventilator,
patient death; Patient death, ventilator. ~
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Eye STANDARDS continued from cover

Researchers from the Australian Therapeutic
Goods Administration, Australian Telecom Re
search Laboratories and Monash Medical Center
(Melbourne) measured field strengths from
several types of mobile telephones at various
distances from devices. Leo Barnes, supervisor
of the electromedical testing section of Testing
and Certification Australia (Chatswood, New
South Wales) stated that digital cellular telephone
emissions are above 3 V1m at 2 m, the current
lEe and collateral standard, however, they are
below 10 Vim at 2 m. Barnes explained that the
interference effects observed by researchers inclu
ded false error conditions or equipment shut-

Biomedical Safety & Standards

owns, an infusion Eump changing infusion.-rates,
nd an oscillos~e blanking Ollt. Existing FDA
tan ards require a device to be immune from

up to 7 Vim at 2 m. Although all of the medical
devices in the study met the FDA standard, the
researchers found that S-W digital telephones can
emit fields which exceed the FDA standard.

While Barnes indicated that a complete ban on
cellular telephones in hospitals would be an over
reaction, he emphasized that the devices should
be required to be turned off within 2 m of any
medical equipment He stated that it is necessary
to specify "off," because when such a telephone
is in "standby" mode it is still transmitting its
identification information. The researchers also
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recommended that the immunity test level for
medical equipment be increased to lOV1m; such
a proposal is currently being considered by IEC.
Index: Electromagnetic interference, cellular
phones, standard; Cellular phones, electromag- .
netic interference, standard. ~

For information on Australian EMC strategies,
contact:

Australian Electronics Development Center
Cor RiggaI & Maldon Streets
Broadmeadows, VIC 3047, Australia
61-3-302-1422; FAX, 61-3-302-1201.

CLINICAL SAFf1Y & PRODUCT HAZARDS

Dialysis System Water Linked
to Pyrogenic Reactions

Three patients in Philadelphia suffered pyro
genic reactions following dialysis using Mar Cor
Dialysis Water Systems, manufactured by Mar
Cor Services Inc. (Harleysville, PA), according
to the firm. The company subsequently issued a
safety alert to notify customers "to test their
treated water to detennine if it meets Association
for the Advancement of Medical Instrumenta
tion standards against microbiological contami
nation." A Mar Cor spokesperson told this
newsletter that the incidents occurred because
the incoming tap water had excess L<\Ls. He
noted that a century-old water main in the area
of the hospital ruptured three days later. "There
was an assumption that there was gray water
[in the mains]," he added. To address the prob
lem, he indicated that the finn was retrofitting
affected units with a "0.05 absolute filter" to
eliminate pyrogens. The company confirmed that
"Medical Device Safety Alert" #N-005-5 affected
units distributed in Pennsylvania, New York,
New Jersey, Delaware, Alabama, Maryland and
Virginia. Although the agency stated that 74
units were distributed, the firm indicated that
only 22 units were affected. (Contact: Mar Cor
Services Inc., 364 Maple Ave., Harleysville, PA
19438; (215) 256-9585; FAX, (215) 256-4551.)
Index: Dialysis water systems, excess pyrogens,
safety alert; Contamination, dialysis water systems,
safety alert. ~

Dry Heat Sterilizers Seized
Dry Heat Sterilizers, Steam Sterilizer Auto

claves and components valued at $45,000 were
seized because they allegedly lacked premarket
approval, FDA stated. "The articles are class III

April 15, 1995

devices for which there are no approved pre- '
market approval applications in effect, nor do
the articles have investigational device exemp
tions," the agency stated. The devices were manu
factured by D.A. Kadan Co. Inc. (Pineville, NC).
A company spokesperson stated that "everything
is pending." Index: Sterilizers, unapproved
devices, seizure. ~

RECALLS & FIELD CORRECTIONS

Neonatal Ventilators Pose
Electric Shock Hazard

Sensonnedics Corp. (Yorba Linda, CA) has
recalled its Model 3100A High-Frequency Oscil
latory Neonatal Ventilators because "a wire next
to the metal amplifier bracket may abrade, due
to vibration, causing a potential electrical shock
hazard," the FDA announced. The devices are
indicated for the ventilatory support and treat
ment of respiratory failure and barotrauma in
neonates.

A company spokesperson told this newsletter
that, to correct the problem, the firm will add a
caterpillar grommet along the edges of the sheet
metal bracket to protect the adjacent power har
ness. He added that the company is asking users
to check the leakage current; users are advised
to schedule the modification at their convenience
if it is below 100~ If leakage current is above
100 )lA, the unit should be taken out of service
and be corrected immediately, the firm stated.
"Class II recall" #Z-497-5 affects units with serial
numbers 31204 through 31848, excluding 31359
through 31378. The company confirmed that
625 units were distributed nationwide, and in
Australia, Canada, Hong Kong, Korea, Mexico,
Netherlands, Philippines, Singapore and Taiwan.
The action is listed as "ongoing." (Contact: Sen
sormedics Corp., 22705 Savi Ranch Parkway,
Yorba Linda, CA 92687-4609; (800) 231-2466;
(714) 283-2228; FAX, (714) 283-8439.) Index:
Ventilator, electric shock hazard, recall; Neo
natal ventilator, electric shock hazard, recall. ~

Nebulizer Leakage
Deactivates Gas Supply

The FDA stated that Vortran Medical Tech
nology (Sacramento, CA) has recalled certain
units of its VISAN-9 Intermittent Signal Actua
ted Nebulizers because "gas leaks in the seams
of the high-pressure transducer casing can trigger
an alarm which then shuts off the gas supply."

51
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Clutter on Airwaves
Can Block Workings
.bf Medical Electronics

Reports 'I Trace Interference
To Cellular Phones, ·TV;

. . - . .

. . Safeguar~ Are Spotty
._---

it 1leaf! rif~lli~'-l' That' Fdiled
~ .. .(lts-19
, .' . By TOM KNuooos 'I j t/
_ And WIUlAM' M. BULKELEY I
Staff Reportt"r! ojTuF. ~AI.t. STRF:F:T JOl!RNAL

. _ As Hre:-saving electronic medical eqiifp- .
[TIent becomes more sophJsticated and
~nsltive, evidence has begun to pile up
that these Instruments are vulnerable to
increasIng levels oC electromagneUc Inter
ference - the waves ~yen arc by radios;
cellular phones and televisIon sets.. .
~ . The consequences can be frightenIng:
A yentllator malfunctions while the child'
using It is ridlng In a car, and the problem
fs traced· to the car's CEllular phon~ A
doctor installs a pacemaker alter eledro
card1ogra!11 equipment shows a patient's·
heart tsn t worJdng right; nurses later
trace slmUar - inacCurate - readings on I

. the machlne to '1'1' signals. A woman dIes
Inside an ambulance as paramedJcs try to
revive her heart with a denbriJlator-'
whl£h doesn't work bealuse of lnterfer
eJKe lrom the vehJcle's two-way radlo...

. Although electromagnetic Interference,
or EMI, has been known to ~ a source of
problems lor S()me Ume, .the wldespread
Wl~ of ceUular phones, meta] detedQrs.
epmputers and other sources of radio en·
ergy is creating pressure tor stricter con-
trols. . ..

I .

zapped Wh~chalrs .
Government safeguards are spotty. but

concern Is growing at the Food and Drug
Admlnlstratlon. Last month, the agency
ordered makers of .motorized wheelcha'rs~

. to. shield them Crom EM! and educate users
about the hazard. The FDA said It acted
~ter getting "many reports of erratic,
lUllntentlonal powered-wheelchair move
ment." In one such Incldent~ acrording to a
recent article by an FDA researcher. radio

\

waves zap~ a power wheelchair, sending:
Its passenger..Q.ill. a. curf In Colorado. .
"causIng a broken hip and several other
Injuries. II '{he vjcUm wasn't JdenUfled•.

'. But only a (tr.f devices are subject to
FDA rP,t1ew lor p.Jedromagnetic vulnera·
..... ;;·.,1 ...... ;,.,..,. ·· ... -OJ 0",' ..'\~ "'ale ""'J.'~j'" prob'f-"j ..Ji, ! ... , :" '\., •., • ~J e' oJ.' . IA ~ J .... 1.

is going.tO Increase ~fore it d~reases•.•.
bOOiuse Qf the proliferation of medical
devices, It predicts· Joe Dyro, director o(
biomedical engineering at the State Uni
versity of New York at Stony Brook.
~ 'There is still a lackof awareness of how to·
properly shield these devices:' .

EMl is a broad tenn (or Invisible waves .
and pulses. natural and man-made. that .
move through space and matter. Although
the waves are usually hannless, certaIn
devices will sometimes react to them, the
.way TV ts U "snow" I
nurby hair dryer. ..

.... .
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The Phone Ban
.~ A few hospitals .are starting to act.
tarlJer this year, Sf. Marpret Mercy
,Uealthrnre centers in Hammond and
Dyer, two indiana towns, banned ~elluJar

phones after linking them to ,medlcaJ-<!e
vice failures. Sp did Children s MemonaJ
Hospital in Chl~go last N?Vember. ' -
~ "We've venned potentially dangerous
Interference with ventilators, elertrocar
dJpgrarn monitors. -apnoea monitors, Inru~
§Ion pumps, biood w&rmers-L Infant Incuba-..
~ With the Ilst continually growing,"
iaYS Terry Clemans, S1. Margaret Mercy's 0

dirntor of technology management. Mr..
Clemans says cellular phones were Inter
fering with signals sent by portable heart .
monitors carried by patients. Most Jarg~

hospitals use such telemetry monitors to
Cree patients (rom bedside r:nachJnes.

. Jeffrey Sllberberg, an FDA electronics
engineer, says the FDA has received re
ports of EM1 being Involved in more than
100 frightenJn2' and occasionally~fail
Ures of medical equJpment going back to
1.980. In the fall 1993 Issue of the journal
CompJlance Engineering, he cited these
Cases and caHed for ti~hter regu]aUonL..

" A Wall StreetJowliat request'under the
Fi-eedom of Information Act resulted in the
release of reports of the indd.ents, without .
tJie names bl patlenls° or sItes. FDA.
tiguJ.atlons require companles to file the
tePQrts; althOugh mos t manufacturers .
dOn't acknowledge product malfunctions In
tl'{ese cases.

~.F8laJ case
;'0 PhysIl><:Qntrol Corp., an Ell LJlly Corp.
tmlt In Redmond, Wash., reported that
trled1C8l technicians taking a 93-year-old
heart-attack victim to a· hospital In 1991

· ~ttached .her to' one of the company's
UtePak ' monltor/defibrUlators to· tra.ck
end try to revive her falling heart. But they
UJd the heart machIne shut down every
f4ne the technIcians turn~ on theIr radJo'

· ~nsmttte[, The woman died. .
':MJchael WilUngham, dlrectoroCreguJa
tory affaIrs for PhyslC>-Control, says the

. I'adJo wav w source ·ot-the PI"Qb
· em. He says company engineers d1scov-
e that the ambulance maker had ~ .

· placed the meW root of Ute vehJcle with a
tU>erglass dome that dJdn't block radio'
Waves weU-then placed a powerful, long-

· range rad1()=transm~lon.ant~nnutQpJt.
Mr. Willingham says thIs Is the only
incident ot Its type fnvolvfng UCePak.
t' In i992, aOdoctor Installed an apparently

·Unnecessary pacemaker' In a .paUent's
the!! after an elec~ggram teleme-.
Jry system made by SpaceLabs Inc., also of
Rromond, displayed IIlong periods aUla!..
line." That evening. the same phenome- 0

r-. P'~ TW1t to Page AIt, Column t. .
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Stray Signals: Electronic Medical Gear Is Vulnerable
'fo Interference From Cellular Phones, 'felevision

In 1990. Aequllron sent out kJts to
owners of the monitors Ie Improve the
shielding. Mr. Saml'C says the company
dlscovere1 that two-way. radIos and other
transmillers near Ule monllors could trig.
ger InaccllI"ite alarms. The problem Is that
sleep'starved parents may tum orf monl·
tors thar give false alarms. Mr. Same< says
Aequilron has been sued over Its monItors..
In cases where Inrants have died. But he
says Aequilron hasn't lost any such sult.s,
and "irs my belief that irs never ~n
esLabllshed that a malfunction .has ~n
assoclaled with a dealh."

Continued From fYrst PaJ)t reacllon w,u "panic - because of the
non ~curred. Nurses dlscove~d that the amount of ndlos and cellular phones that
pallent wu next to a TV set when the nat noat around this hospilal."
line occurrrd. "CUrnnllabellng has warn· ManuaJ Revisions
ing about ,TV Inlerference with telemeln' "The manufacturer of the venlitalers,
slgnllis " SpaceLabs reported to the FDA.
~'ve hll.d only two or three Instances Siemens AG or Gt'nnany, says an invest!·
of problems" with EMI, says JOhn~aH, gallon by an outside party hired by the
viet president of quality assuran at company shoWed that olher ronns of EMI
SpaceLabs. "Another kind of dlagnosllc may have caused Ule malrunct!ons. Tim
would normally be done" before implant. O'Malley, Siemens's director or markelillg
Ing & pacemaker, he adds, but the com. ror venlilAlers In the U.S., says, "It's
pany "can't tell people how to pracllce dlrncult to ax a problem when you really
medicine," . don·t know what you're dealing with." The

Some medlcal'products-flrms say they incident prompted Siemens to change Its
have long ocen aware 01 EMI, and add that Inslructlon manuals to warn about Ihe'
ills sLandard pracUce to design systems 10 lisks of usIng two-way radios and cellular
a\'oid it. Larry Saper. chairman C'f Dall' ~~~ .
scope Corp., a Montvale, li.J., maker or In June 1993, a ventilator made by
surg1cal de\1ces, says, "In developing any Aequllron Medical Inc. maJrunclioned
device, )'OU might discover wIres are 100 while lhe child using It was In a car, sa)'1
crose 10 one another. You move lhe wirf."S Ron CUndiff, dict'(;lor or sC'Curity for Chil·
and the problem goes allo'ay." Te<hnlclans dren's Memorial Hospital In Chicago,
Installing ele<tronic machines routInely where lhe child was a paUent. Mr. Cundiff
che<k for Interference, says lhe machine began acting erraUcally
'Black Art' when the child's mother used the car's

cellular phool.. "The readings started
"\V~'~e dealing with ablack arl. Alot 01 changing. And it sla.r1ed beeping," he

lhls stulf Is unconfirmed," says Joel Nobel, sa)'1. "\V1len she hung up, everything went
presldentofthe Emergency Care Rt'$earch back 10 normal," .
Inslitule. a nonprorit organlLallon In Penn· Roocrt Same-<:, vice presIdent of quality
sylvania thatlnvesUgates medical devices. assuranc.e and regulatory aHalrs at Aequl·
"l'm not saying there aren't problems- Iron, says lhat in subsequent tesllng the
there are. But we don't know how frequent Minneapolis company discovered that.w:..
[orl signiricant they are." .lular phones Within Umt feet of a venQla·

Nevertheless. the proliferallon of cel1u' Jot may xl {)([ lhe alann, He notl:~ that.w llJl)nu and the growing use or fucillc:iI.- "the failure mode Isn't catastrophic tbe-
~ outsIde hospitals Increase the causel generally the device w1l1 a1a.rrn;l.nd
chances of stray transmIssions afle<tlng conllnue to venUlate Ihe patient." The
delicate medical mOl'lllors, "We have a company has added ~amings aboul ceUu·
real concern and It has been growing as lar p!l9nes to its InstructIon manuals.
e-qulpment has be<:ome more susceptible Aequilron previously had problems
~use of Ule use oC mlcro-ele<tronic. with EHlln\'Olving apnea monllors, which
Jow·volt.1ge circuits:' sars Bruce Burling' .sense hre3J1llD.g-and heartbeats In bable3
lon, director oC the rnA's cenler (or and guard against Sudden Infant Death
Devices and Radiological Health, . Syndrome. FDA tests on the monItor found

One bIg problem is the elusive nalure of "It was very sensitive to elei:tromagnellc
EMI. "It's very, very hard 10 Identify these Interference" and the movement or people
even\.! alter the fact," sr.ys M:cllael Argen· nearby. says Mr. SIlberberg, fn one lest,
tleri, vice president fot te<hnology man· he says, "a.. simulaled paUen' was DoL
agement althe Emergency Care Research ~Ihiag bllilbe mnnUar showcl.il ....as "
Inslitute. "The problem is you can almost Congre~ionalle.sllmony has also cited lhe
never reproduce them." AC'qultron monllor'S ror alarm failures,

But somellmes )·ou can come close. In
May 1m, alarms sounded on rive viLal No Lost SuIts
life-support ventilators In an Inlenslve
care unit at Arkansas Children's lIospllal
in LitUe Rock. \V1len nurses rmhffi 10 the
devices. which help patients breathe. tha...
found nolhing wrong. But then a sh8J"'P"
eyed respiratory therapist spolleda~
t~Ue bus outside.

"We slar1ed 10 think - ("()~Jd II be the
tadjo on boanP" says Pat White, a tei:hnl'
clan 3t lhe hospital. "One oC lhe mainte
nance men pulled hIs radio all his bell, and
standing In Ihe middle of the room. close to
(he venlilators, keyed It up - and lhe same
Ihlng happened Bgaln." Mr. White says hIs

Some dences - such as apnea monitors,
ventilators, and power wh~lt:halrs - are
screened by the FDA ror vulnenbllity to
EMI before reachIng the marl:.elplace. But
l!'any others are not

The European Union is moving aggrtSO
!lively. qaJan. I, 1996, 11 plans 10 impose
mandatoi}' standardS lor all ele<tronic
devices, IncludJng medical equlpmenl. to
ensure thai they are Immune to low·level
r!e<lromagnelfc Interference. , .

In the U.S., the FOlds Modling more
Ihan 5,000 appllcallons for new medkaJ
devices, and sometimes EMl gets short
shrill. Medical-device "reviewers are
swamped as It Is," says Mr, SlIbert>t'l'f.
"Manulaclurers are concemed aboul. 00.
long it laltes to gel thinE'S cleared. So II's
h,HU 10 getlhe reviewers' Ume to dlsrusS
the problems with them."
~ ramhie<! ChIps

The heart 01 the problem Is the mIcro
proc~r - lhesilicon chlp that proce:sses.
8 nd slores dal& and acts lI.S a centra!
dlspalcher, tel1\n~ machlnes whal 10 do
and when 10 do II. "The problem With a

. microprocessor Is It operates on astring of
pulses," says Warren BolJeHner, vi~

prt'Sldenl ror l('(hno!ogy at Thenno Vollt\:
Corp., of Waltham, Mass. "U )'00 apply a
random pulse. whlch Ls what hAppens with
el('(tromagnellc Inlerference, l.h.at scram,
bles the mlcroprocessor. And it can tola1Jy
screw up what irs trying 10 do." Thenno
Yollek ls allemptlng to build a business
prole<Ung den~ rrom inlerference.

Jhe fDA says grvv.1oC aWJltness oL
lhe problem ';ill lead 10 more saf''tl'3 01S 
The Ctllular Teleromm"n1ra!j0Q<~
~ Association,~ about ba~ on
phones or beepers, proposes crt'aUog a
center for lesting mlCTOproct'SSOrs to ma1:e
sure Ulcy are adequately shielded agalnst
radll}frequency emi~ions. The Msocla·
llon for the Advancement of Medical In·
strumentatlon, an Arlington, Va., group
Ihat sets voluntary sWldanis in \he U.s.,
rnenUy created a rommillee to address,
ele<:lromagneUc problems. .

Those measures are sure 10 alle<:t de-

uv1ces of the future. Bul as Mr. BurlIngton
at the fDA points out, "what we do with
devices cumnUy in the manet" will re
main a problem, .

===:::!
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Epidemiologic Evidence of Radiofrequency
Radiation (Microwave) Effects on Health in
Military, Broadcasting, and Occupational Studies
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In this opinion piece, the author brings together and discusses
the collective relevance of possible health effects of microwave
or radar exposure in military. broadcasting. and occupational
circumstances, with a view to assuring optimal protective prac·
tices. Sources of the information presented include I) histor
ical data. 2) experiences of Polish soldiers. 3) a studv of U.S.
naval personnel using radar in the Korean War. 4) preliminary
findings of exposures to the Skrunda. La"'ia. transmitter. 5)
data obtained near Hawaiian broadcasting facilities, 6) occu
pational studies of electronic and electrical workers. including
ham radio operators. 7) reproductive outcomes among phys
iotherapists using shon-wave and microwave diathermy, and
8) U.S. foreign service personnel exposed at Embassies in
Eastern Europe. Some of the data are available in the peer-re
viewed literature. others in abstracts, reports. or other
non-peer-reviewed forms. Some were obtained under Free
dom of Information statutes and are incomplete. For some of
these, there is reason to believe that further evidence d!"sired
by the investigator was not obtained. Some ar!" case-referent
studies, blll most are not. Some are ecological. and all are ret
rospective. Few ha\'!" reliable dose estimations, and none has
accurate dosage information on each subject. None includes
evidence of tissue he3tlllg or an ... short-term effecl. Possible
outcomes considered included I) blood COUIll changes, 2) ev
,dence of somatic mutallon, 3) impairment of reproductive
olltcomes, espeCiallY increased spontaneous abortion, and 4)
incr!"ase in canc!"r incidence and mortality. especially of the
hematopoietic system, brain. and breast. The author pr!"sents
e\idcnc!" that sufficient microwave exposur!"s are asSOCIated
"1th all four of these outcomes, concluding that the pos-sible
effects and their timings ",ith respect to exposure are qualita
tiw'lv Similar to those on ionizing radiation. A pmdent course
of action would be 10 provide more protection for those ex
posed Ihan required by present regulations. No svstematic ef
fan to include negative studies is made; thus this review has a
positive reponing bias. Kry U>o1"d.l: occupational cancer epi
demiolog)'; non-ionizing radiation; environmental cancer;
leukemia; environmental mutagenesis

INT J OCCUP ENVIRON HEALTH 1995; 1:47-57.
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Received from the Epidemiology and Health Semces Evaluation
VllIt. Section on Occupational and EnVIronmental Epidemiology,
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This artic:l£ is an opinion piece, not intended to be a balanced
presentation of the literature. It points out important unex
plained positive findings from disparate studies and u~ a
less biased reassessment ofthe literature and follow-up studies
than has thus far occurred. It should also be noted that the ex
pected exposures associated with the proper use ofdomestic: afr
pliances using microwave energy are weU below what is being
discussed, and no risk from such use can be inferred. from the
data presented here.

M far back as 1943, Dailyl had found a statistically
significant increase in the concentration of im

ature red blood cells in radar-exposed work
ers, along with a high incidence of headache. Notwith
standing these findings, he concluded that .".there has
been no clinical evidence of damage to these person
nel. '"2 Early studies at Lockheed Aircraft were reported
to show some blood abnormalities. but this was later dis
missed on technical grounds.

Bach, using rats. reported changes in blood counts at
about 13 mW/cm.:!

Goldoni4 reported that 35 microwave-radiation-ex
posed workers had alterations in their peripheral blood
counts. She compared male radar technicians involved
in air traffic control wilh ten electronic technicians
working far from any microwave source. The estimated
exposures ranged from 10 ~W to 20 mW in a frequency
range of 1.250 to 1.350 MHz. The numbers of leuko
cytes and erythrocytes was significantly lower in the
blood samples from the radar-exposed technicians. In a
follow-up study of 49 radar operators examined yearly,
thrombocyte and reticulocyte counts decreased signifi
cantly but stayed within normallimits.4a

STUDIES OF POLISH ARMY PERSONNel

Szmigielski complied data on the occurrence of cancer
in the Polish army and characterized each soldier as to
whether or not he had been exposed to radiofrequency
(RF) and microwave (MW) radiation.5 Those exposed
comprised about 3% of the population. and in the ini-



Age 1970-1979 1980-1989
(Years) EXP NEX Ratio Ratio

TAILE 1 Age-specific cancer Incidence rates per
l00,OOO/year among Polish soldiers exposed (EXP.)
and not exposed (NEX) to microwave and radar
during 197~1979 and 19~1989·

tial study, covering the years 1970-1979, the exposed ac
counted for 9% of all malignancies.6 Virtually the same
pattern occurred in the second decade of follow-up,
1980-1989 (Table 1).

During the first follow-up period, the sites with the
greatest excesses of malignancies were blood-forming
organs and lymphatic tissues, ratio = 6.7; thyroid, 4.3;
skin, including melanoma, 3.1; and esophagus and
stomach, 3.2. During the second period, in addition to
increases at these sites, colorectal cancer was increased
among the exposed and so was brain cancer, with a 4.29
ratio.

The occurrences of the most common type of cancer,
cancer of the lung. were the same in RF/MW-exposed
soldiers and those who were not exposed.

•Sources: SZmigielski.5.6

SKRUNDA, LATVIA, STUDY

speculate that any possible effect is underestimated by
these data. based solely on "low" versus "high" expo
sures. Table 2 shows, nevertheless, some data suggesting
an effect of RF/MW exposures on lymphatic cancers
and hematopoietic cancers (leukemias and blood cell
cancers).

Although the differences in Table 2 do not reach cus
tomary levels of significance (they could be found by
chance about once in ten samples), they nevertheless
are also consistent with almost two times as much can
cer of this type in the high-exposure group compared
with the low-exposure group. The other disturbing find
ing is that after discharge from the service the high-ex
posure group had more frequent hospitalizations for
diseases of the blood and blood-forming organs than
did the low-exposure group. The high-exposure group
experienced 12 hospitalizations for conditions of the
blood and blood-forming organs after discharge from
the service, when 7.6 were expected (this result was also
not conventionally significant).

The study that generated the data in Table 2 has been
interpreted in analyses used as the basis for health pro
tection guidelines (see below): "No effect on mortality
in male military personnel followed for over 20 years.
exposed 2 years on average (over 40,000 personnel)".

2.27
2.74
2.79
2.06

5.5
4.7
4.2
1.6

8.0
17.2
82.9
353.4

44.2
81.7
348.8
558.6

20-29
30-39
~9

50-59

U.S. NAVY RADAR PERSONNEL STUDY

Robinette and colleagues? reported the results of a
study of the effects on health of occupational exposures
to microwave radiation (radar).

Mortality by cause of death, hospitalization during
sef\;ce, later VA (L'.S. Veterans Administration) hospi
talization, and VA disability were examined for about
40,000 enlisted naval personnel who had served during
the Korean War, 1950-1954.

Although the abstract gives a global negative state
ment (~No adverse effects were detected in thesc in
dexes that could be attributed to potential microwavc
radiation exposures during the period 1950-1954"),
some of the data in the article strongly suggest such ad
verse effects. A "Iow-exposure" group was defined as
consisting of radiomen (9.253 men), radarmen
(10,116), and aviation electrician's mates (1,412). and
their experience was compared with that of a ~high-ex

posure group" consisting of electronics technicians
(13,078), fire-<:ontrol technicians (3,298), and a\;ation
electrOnICS technicians (3,733).

What is not given is the mortality for men with no
likely exposure to radar or other electronic gcar. For
the high-exposure group. an exposure estimate is at
tempted on the basis of the type of equipment on a
given vesscl to which each man was assigned and the
lengths of his tours of dun'. Such estimates were not
made for the presumed low-exposure group. So we can

Located in rolling pastureland near Skrunda. Latvia. a
Russian-built and Russian-operated microwave genera
tor~etectorsystem was designed to provide early warn
ing of incoming ballistic missiles. The emission was at
154-162 MHz, with a set of 5G-KW generators emitting
O.B-ms pulses at an energy level 50 times that allowed for
continuous emissions.8

Growth retardation of pine trees and other ecological
effects were reported9 at a meeting in June 1994, along
'with the results of two epidemiologic studies, one of cat
tle and one of humans.

Sixtv-eight cows grazing for four months near the sig
nal generators were found to have increased red blood
cell micronuclei, compared with 105 cows from unex
posed areas. 10 Red blood cell micronuclei are thought
to reflect mutagenesis.

TABLE 2 Deaths and relatively mortality ot U.S. noval
personnel trom leukemias and blood cell types of
cancer. 1950-1974, according to the estimated
levels of exposure to microwave radiation·

Exposure Level
Low Medium High

Deaths 26 12 8
Relative mortality 0.88 104 1.64

(compared with all
of the men)

Expected number of deaths 29.58 11.54 4.88

•Source: Robinette et al. 1



Two hundred and thin\" persons living and working
near the radar-emitting source had significant increases
in white blood cell counts and alterations in differential
counts. ll The effects were reponed to be more pro
nounced among children.

Additional studies are under way.

STUDY OF BROADCASTING FACIUTIES
AND ADJACENT POPULATIONS IN HAWAII

Honolulu Broadcasting Tower

A unique opportunity to study the cancer incidences in
the vicinities of radio broadcasting towers occurred in
Honolulu, in part because the hills surrounding the
town are a nature preserve, so the towers are located in
populated areas of the city.

Anderson and Henderson, of the State Health De
partment, used data from the State Cancer Registry to
compare the cancer incidences of nine census tracts
that included broadcasting towers with those of two
demographically similar tracts without such towers. 12

The U.S. Environmental Protection Agency (EPA) mea
sured RF radiation at 21 locations, and reported that
public exposures at 12 of the locations exceeded cur
rently recommended limits. At two outdoor sites, expo
sures were greater than 1.000 IJ.W/ cm2, but, in general,
at distances greater than 100-150 feet from the towers.
the exposure levels were below 100 IJ.W/cm2• EPA offi
cials stated that RF radiation in Honolulu did not im
pose an immediate risk [my emphasis] to the public.

The data for all-site cancers and for leukemia overaIl
for males and for females. age-adjusted, are shown in
Table 3.

Anderson, the Deputy Health Officer for the State of
Hawaii, said that the repon had not been published,
since it was intended to stimulate additional work in the
field.

\Vhen the data are adjusted by race, rather than by
age. the standardized incidence ratio (SIR) for total
cancer. both sexes. in the tracts without towers is 1.07.
compared with 1.88 in the tracts with towers, the latter
heing significantly elevated. For leukemia. the race
standardized SIRs are 0.59 and 2.08 for the tracts with
out and with broadcasting towers.

The authors point out that such an ecological design
does not allow the establishment of a cause-dfect rela
tionship between cancer incidence and low levels of RF
radiation, nor were there sufficient data to show a
dose-response relationship. The study strongly indi
cates the need for more comprehensive studies and
more powerful study designs.

The Childhood Leukemia Cluster on the Waianae Coast

In 1985. the Hawaii Department of Health was in
formed by a pediatric oncologist that he had seen an un-

TABLE 3 Age-adjusted cancer and leUkemia annual
incidence rates far males and for females In ceNUS
tracts with broadcasting tawe,. compared with
those without such towers, Honolulu, Hawaii,
1979-1983, and comparison with statewide
ratesl100,OOO, 1978-1981"

Moles Females
Area Incldencet SIRt Incldencet SIR'

All-site cancers
Tracts with towers 439.6 1.45§ 368.6 1.27§

(488)t (417)
Tracts without towers 318.0 1.05 246.8 0.85

(135) (103)
Statewide 341.2 272.4

(5.468) (4.658)
Leukemia

Tracts with towers 15.2 1.58 7.6 1.45
(15) (8)

Tracts without towers 2.4 0.27 5.0 0.97
(1) (2)

Statewide 9.4 5.3
(163) (90)

•Sources: StateWide data based on SEER Report 1973-19811 1; original
incidence data given by AndefSOn and HendefSOn for fll/e years.
tNumber of cases in parentheses.
'Standardized incidence ratio. standardized for age.
§Statistically significant. p < om.

usual number of children with leukemia in the small
communities of the Waianae Coast. This was confirmed
by the Hawaii Cancer Registry in 1986. In 1990 the De
partment conducted a more detailed investigation and
a case-eontrol study.14

A case was defined as a child under 15 years ofage, di
agnosed as having acute leukemia between 1977 and
1990, who had spent at least 25% of his or her lifetime
before diagnosis in the area. Fourteen children met this
definition, of whom 12 were permanent residents and
two had spent two to three days a week in the area. Based
on the state's cancer registry, the number to be expected
was about one every two years, or about seven cases in 14
years. Seven of the cases occurred during three years,
1982-1984. After 1985, the incidence returned to the ex
pected one of a single case every two years.

Among the seven cases from 1982 to 1984, five were
acute nonl)mphocytic leukemia (ANLL) , whereas
statewide three of every four cases are acute lymphocytic
leukemia (ALL); and six of the seven affected children
were girls. whereas childhood leukemia is somewhat
more common in boys. Four of the girls were between 9
and 12 years old, whereas the peak age of onset for
childhood leukemia is around 3 years.

In the case-eontrol study of 14 cases and 56 matched
controls of the same sex and born within six months of
the cases, no statistically significant risk factor was de
fined. Suggestive odds ratios were for other cases of
cancer in the family (OR = 3,4 with 95% confidence lim
its of 0.70-16,4 I) and residence: ever lived within 2.2
miles of the Lualualei Naval Broadcast Facility (OR 2.2;
CI 0.65-7.56) and its two "low-frequency" radio towers.
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The authors report that improper storage of oil may
have been associated with a risk ofexposure to benezene,
a known adult leukemogen. No adequate environmental
measurement of radiation or of benzene exposure was
available. Some measurements of electric or magnetic
fields were made by the EPA in 1990, but primarily along
roads, and not where the children lived and played. Nine
of the 14 cases were of Hawaiian or part-Hawaiian eth
nicity, and there is some evidence that Hawaiians and

Maoris of New Zealand have lower rates of ALL and
higher rates ofANLL than do other ethnic groups.

The authors conclude that ... "closeness to the low
frequency radio towers at Lualualei Naval Station may
have a weak association with leukemia, even though it is
not statistically significant. This cannot be considered
proof that anything emanating from the station actually
caused the leukemia."

TABLE 4 Leukemia, acute leukemia, and acute myelogenous leukemia and expoSures In electrical occupations'

All Leukemia Acute Leukemia Acute MyelOgenous Leukemia
Occupation 1m 95'X.CL RR 95'X.CL RR 95'X.CL

Telegraph. radio
and radar oper-
ators 1.8 1.4-2.6 2.1 1.3-3.3 2.6 1.4-4.4

Electronic tech-
nicians 13 0.9-1.8 1.8 1.0-3.0 1.9 0.8-3.8

Electrical and
electronic
engineers 1.2 1.0-1.5 1.8 12-2.3 1.9 1.3-2.7

Electricians 1.1 0.9-1.2 1.1 09-1.4 1.0 0.7-1.5
Electncal equip-

ment assem-
blers 24 1.0-4.8

Power station
operators 1.6 0.8-3.0 2.2 0.6-5.7 <1 expected

Linemen 1.3 1.0-1.6 1.7 1.1-2.5 2.5 1.1-4.9
Phone repair

and instal/a-
tion 09 0.6-1.3 1.1 0.6-1.8 1.0 0.4-1.8

Aluminum
worl<ers 1.9 1.2-2.9 2.6 1.3-4.6

Motormen.
streetcar 1.7 07-3.3 <1 expected

Projectionists.
movie 11 05-2.2 1.2 0.1-45 <1 expected

Welders 09 07-1.2 1.0 07-1.5 1.7 0.5-4.5

TOTAL 12 11-13 1.4 1.2-1.6 1.5 1.2-1.8

'Source SavItz and Calle I~

TABLE 5 Occupational exposures 01 electrical workers and electronic workers and leukemia, Washington State data 1950-1979"

All Leukemia Acute Leukemia
OccupatlQn Observed Expected PMR Observed Expected PMR

Radio and telegraph
operators 5 4.5 111 3 1.3 239

TV and radio repairmen 5 32 157 4 1.4 29lt
ElectroniC techniCians 6 40 149 3 1.9 162

Subtotal 16 11.7 137 10 4.6 217

ElectnClans 51 370 138t 23 12.9 178t
Linemen 15 94 159 6 3.3 183
Power stallon operators 8 31 259t 3 1.1 282
Aluminum workers 20 126 189t 11 4.3 258t
Welders. flame-cutters 12 179 67 4 7.1 56
PrOJectionists. movie 4 1 7 234 1 09 111
Electrrcal engineers 7 61 114 2 2.1 97
Motormen. streetcar 3 1 7 175 0 0.4 0

TOTAL 136 992 137t 60 36.7 163t

•Source Milham ;0

to < 001



TABLE 6 Unconditional odds ratios (ORs) for recognized miscarriage and reported frequency of microwave or shortwave
phsylotheraphy exposures per month In six months prior to and during the first trimester of pregnancy (all pregnancies)

Microwave Shortwave
No. of exposures Cases Controls OR Cases ContrOls OR

0 1,459 1,494 100 1,158 1,176 100
<5 per month 88 86 1,05 239 203 1,20
5-20 per month 72 49 1,50" 180 166 1.10
>20 per month 4S 29 159 72 84 0,87
Any 209 167 128· 499 472 1.07

"p <DOS.

Figure 1-ProportiOn of miSCarriages occurrtng before me seven'" week
of gestation. by exposure status: Ptlysical Therapists Study. /989-/990.

as to pregnancy history and use of microwave or ra
diofrequency diathermy. It was possible to compare
1,791 miscarriages with 12,949 "control" pregnancies in
a nested case-<:ontrol design.

Table 6 gives the principal results, based on the un
conditional odds ratios, with a chi-square test for trend,
p :!OO.005 for microwave, but nonsignificant for short
wave, exposures. There was no appreciable change in
gradients when the data were adjusted for age at preg
nancy, years elapsed between conception and interview,
genitourinary conditions ever diagnosed, or previous
fetal losses.

Figure I shows the proportions of miscarriages oc
curring before the seventh week ofgestation in the four
categories of exposure.

The authors discuss a number of possible biases and
conclude "women who reported use of microwave
diathermy at the time of conception were at increased
risk of miscarriage. The risk increased with increasing
exposure, and persisted even when known confounders
were taken into consideration. Whether the excess risk
is associated directly with the use of microwave diathermy
per se or with something closely related to its use has yet
to be determined. Women who reported using short
wave diathermy were not at increased risk."

OCCUPATIONAL AND HAM RADIO
OPERATORS' MORTALITY STUDIES

Cancer Studies in Electrical Workers

A series of II occupational mortality studies of workers
exposed to electromagnetic fields was assembled by
Savitz and Calle, 15 The results for total leukemia show a
modest excess risk for the men exposed, with enhanced
risk for acute leukemia and especially acute myeloge
nous leukemia. Three of the studies were of incidence
and eight, of mortality, The highest risk ratio for any oc
cupational group, 2.6, for acute myelogenous leukemia,
was found for telegraph, radio, and radar operators
(95% CI 1.4-4.4). Table 4 summarizes these results.
Data for Washington State alone, presented by Mil
ham,16 are shown in Table 5.

\filham 17 also examined mortality data for amateur
radio operators in California and Washington from 1979
through 1984, based on the current license file of the
Federal Communications Commission. Excess leukemia
was practicallv confined to the operators in California,
since in Washington there were five deaths, compared
\\-ith 47 expected. In California, 31 leukemia deaths
were reponed. compared \\ith 24.3 expected, and for tu
mors of other hmphatic tissues 38 deaths were observed,
compared ....ith 22.3 expected, a significant increase.
Again, the highest risk was for acute myelogenous
leukemia, ....ith IS cases obser..ed compared ....ith 8.5 ex
pected. Milham suggested that about a third of the ama
teur radio operators were also occupationally exposed. It
is estimated that amateur radio operators spend about
six hours a week at their hobby, so it is reasonable to
think of these data as reflecting something between an
occupational exposure and a commul1lCY exposure.

Physiotherapists and Spontaneous A.bortion

Ouellet-Hellstrom and Stewart reponed on the fre
quency of miscarriages among female physiotherapists
using either radio- or mICrowave frequencv electromag
netic radiation. 18 The exposure frequency for shortwave
medical therapy is 27.12 MHz, and those for microwave
are 915 MHz and 2,450 MHz. Members of the American
Physical Therapy Association (n = 42,403) were queried
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TABLE 7 Tabulation of results for tests of chromosomal
changes

U.s. Foreign Seroice Workers in Eastern European
Embassies

"Potien1li who repeat at level 3 or higher should not reprOduce until
six months atter somatic levels have retumed to 2 or I, -.

"Patients at level 4 should be withdrawn from "mutagenic exposure
and monitored each month until less than 3 is obtained on two con
secutive samples,"

'Continuing statement in Dr, Jacobson's progress report concerning
results,\Q

Between November 1962 and August 1963, highly di
rectional, focused microwave transmissions beamed at
the U.S. Embassy in Moscow were found and verified. A
study of possible effects on chromosomes in blood was
undertaken between February 1966 and June 1969
based on blood samples taken from 35 persons on duty
in the Moscow Embassy between February 1966 and De
cember 1966. A nongovernmental panel of experts ad
\ised that. . "no valid conclusions could be drawn from
the studv."19 Some of the difficulty seems to have been
h;th poor sample collection and transmission. Some was
due to inadequate compliance with the investigator's re
quest for repeated sampling.

However, excerpts from a progress repon on a con
tract between Dr. Cecil B. Jacobson, Head of the Re
productJ\'e Genetics Cnit, George Washington Univer
sitv, and Dr. George I. Mishtowt, of the U.S. State
Department, show the findings presented in Table 7.
Dr. Jacobson \\Tote: "I feel impelled. as in past reports.
to emphasize the necessity to study serial samples on the
same mdi\;dual and when possible to study the subject
prior to exposure. There is a definite clinical necessity
to follow all patients in category 3.5 and above as to the
genetic consequences. "19

"An attempt was made to quantitate the various types
of chromosomal changes ""ith their possible clinical
seventy, a difficult task given the current knowledge of
human cytogenetics.... Total scope of the study design
or results of the study have been kept confidential and
110 puhlication or presentations are allowed under con
tract stipulations....Chromosomal changes in excess of
3 per 20 cells were felt to be significant in addition to iso
lated structural anomalies, however both should be con
firmed in serial analysis.... The advantage of easv re\;ew
was compromised bv the financial limitation on the
number of spreads (20) scored per sample....-\11

records, slides and photographs utilized in this Contract
are permanent and have been volunteered for review. "19

What seems most significant is that about half of the
persons tested for chromosomal abnormalities had
enough evidence of damage that clinical guidelines
would have had them restricted from reproductive activ
ity until the abnormalities had been shoM} to have been
abated. The persons involved were not informed, nor ap
parently were repeat tests done. (See above for evidence
of occupational exposure and spontaneous abortion as a
possible consequence of chromosomal abnormalities.)

A hematologic study was reponed to the V.S. govern
ment on October 7, 1976, by James A. and Susan
Tonascia. 19 Among their findings were that comparing
the Moscow-Embassy-based employees with data from
Foreign Service examinations done in Washington, DC,
"The differences between the two groups with respect to
every parameter except monocytes (% and counts) are
highly statistically significant (p <0.001) after appropri
ate transformation. Specifically, the Moscow group had
a higher mean hematocrit, and the Moscow group had
a lower neutrophil percentage, but higher percentages
for the other three cell types (lymphocytes. eosinophi1s.
and monocytes). The white blood cell counts were strik
ingly higher in the Moscow group. Several statistically
significant changes over time occurred in the Moscow
group; specifically, mean hematocrit increased and a
threefold increase in monocyte count occurred. Neu
trophil percentage fell and then rose and the reverse
pattern was seen for the lymphocytes."

These data were never published. These comments
are taken from the written record as obtained under the
Freedom of Information Act. 20

A large-scale epidemiologic study of the foreign ser
vice workers in the V.S. Embassy in Moscow and their de
pendents was undertaken by a team headed by Professor
Abraham Lilienfeld, from Johns Hopkins University.21
The most important comparison was with the employees
ofother East European embassies and their dependents,
but it was not certain whether microwave exposures of
the comparison group could also have occurred.

The occurrence of multiple-site cancers was far more
frequent in the Moscow Embassy group than in any
other population studied (1.33 sites/person, compared
wi th 1.02 expected, based on the Third National Cancer
Survey). This is even more surprising because multiple
site cancer is more characteristic in older populations,
and this population of Embassy workers and depen
dents was relatively young.

There is documented evidence that the concerns ex
pressed by the Johns Hopkins team were downgraded
after a conference with the contract officer of the State
Deparunent. 19 The suspicion expressed that other East
European embassies had been irradiated was deleted
because it was based on hearsay (i.e., reports of persons
inteniewed). Professor Lilienfeld was hospitalized at
the time. but apparently agreed with the modifications
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TABLE 8 Cancer mortality, observed and expected. for populations In the foreign service health study.·

Category
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'Source lilienfeld et oJ.' tables 5.6.712. 716.
tEither lived au1 Of place of reS>dence was unknown.
tObserved deaths SlQruticonNy Increased. p < 0.05

in his team's report. For example. the characterization
of eight of 11 cancer deaths in the Moscow Embassy
women and 15 of 31 cancer deaths in the women from
the comparison embassies was said to be Udisturbing,"
but the contract officer said this was too strong. The
word was deleted. The Johns Hopkins group's charac
terization of the exposures as "regrettable" was deleted
and the related verb was changed from "suffered" ex
posure to "experienced" exposure. Lilienfeld strongly
recommended that additional follo'wup studies be un
dertaken. since the latency periods for some types of
cancer had been insufficient (usually requiring a mini
mum of 20 years) for cancer to occur if indeed it were
to result from the exposures. There has been no follow-
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up. so far as I know. Some white blood cell counts are
reported in the body of the report. but they were taken
from medical records at the Ulast examination after the
index tour of duty."

Concerning the Lilienfeld study, the recent draft of cri
teria for health protection cites: "No effect on life span or
cause of death [my emphasis] of 1.800 employees and
3.000 dependents ofV.S. Embassy personnel." Some can
cer mortality data from the study are shown in Table 8.

Overall there was no increase in cancers at all sites in
the Moscow staff compared with the staffs in the other
embassies. But there was an increase in leukemia. two
deaths observed in the Moscow Embassy staff. where 0.8
case was expected. In the comparison embassies. three
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leukemia deaths occurred in employees compared with
1.7 expected.

There were four deaths from cancers of the female
genitalia. compared with 0.8 expected. In the compari
son embassies there were three such deaths. compared
with 1.3 expected. Four dependent children died of
cancer among the Moscow Embassy families. compared
with 1.5 deaths expected. whereas three such deaths oc
curred in the comparison populations. where 3.0 deaths
were expected. Although exposure severity could not be
dependably evaluated for all the subjects, among those
for whom it could be evaluated. those with exposures
had significantly more non-skin cancers than did those
with no or uncertain exposures (p = 0.02).22 For adult
dependents of Moscow Embassy workers, five malignant
neoplasms were observed, compared with 1.5 expected,
a statistically significan t difference (p < 0.05). Among
the dependent children, blood diseases (anemia) were
significantly more frequent (3.4/1.000 person-years) in

TABLE 9 Summary and Evaluation"

the Moscow Embassy cohort than in the comparison res
idem families (1.3/1.000 person-years).

Such findings are consistent with excess cancer incidences
both in the Moscow Embassy cohort and in the other Eastern
European embassy employees, but the latter group was be
ing treated as the reference population. which, if the
supposition that they had also been irradiated were
valid, would assure a spuriously negative finding.

To ignore these findings on the basis of "No effect on
life span or cause of death" in setting human exposure
standards is wrong. In the first place. the criteria are far
too narrow; mortality is not the only relevant end-point.
The positive or "findings of concern" are ignored. In
creased cancer incidence among dependents is a non
trivial endpoint.

The estimated exposures of the Moscow Embassy co
hort ranged from 5 j.LW/cm2 to a maximum of 18
j.LW/ cm2 at various times.

Finding

Hematologic changes
Incr. WBC
RBC change
wac change
Historical
Hosp. blood dis.
Blood dis. child
Thrombocyles and reticulocytes

Sourcet

Skrunda ll

Ulienfeld et al. 21

Ulienteld et al. 21

Steneck et al. 2

Robinette et al. 7
Ulienteld et al. 21

Goldoni4"

Peer
Reviewed Presentation Ecological

+

+
+

+
? +

Truncated

+
+

Author's
Estimate
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-+

+
+
+
+
+
+

Reproductive eHects (spontaneous abortion)
Dose-fesponse in physlother Ouellet-Helstrom et al. 18

Incr in reproductive problems Ullenfeld et al21
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Increased cancer inCidence
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Hawaill
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Occupational and "hom' radiO

Moscowt vs. other employees
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Moscow vs other dependents

Moscow + other dependents
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+
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Maskarinec and Cooper14
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+
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+

+
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"For each type of outcome. an assessment at the evidence IS given as +. convinCing. +-. suggestIVe. but Important type at evidence is mISSing or neg
otlve:-negatlve: or -+. reoorted as negatIVe. butlnCludrng components that taken alone are suggestively positive.
tFor reterence citations. see the reference list
fDato tor Moscow reter to oil-Sire cancer (See Table 8 tor selected site-sPeCific compollsons.)



RESUME OF HEALTH EFFECTS AND THE
EVIDENCE RELEVANT TO THEM

TABLE 10 OCcupational exposure limits to radiofrequency
electromagnetic fields averaged over any six-minute period
during an eight-hour working day

"f' is the square root of frequency,

REflECTION OF THE EVIDENCE IN
REGULATIONS

Unperturbed Root Mean EqUivalent P1ane-
Frequency Square Field Strength wave Power DenSIty
(f) (MHz) Electric (VIm) Magnetic (Aim) (mW/cm2)

TABLE 11 General public exposure limits to radlofrequency
electromagnetic fields averaged over any six-minute period
during a 24-hour day

0.2
f/2.00J
1

1
f/4OO
5

1.6/f
1.6/f
0.16
0.008 f'l,
0.36

0.23/W
0.23/f'l,
0.073
00037 f'l,
016

614
614/f
61
3W
137

87
87/f'1,
27,5
1375 f!
61

Unperturbed Root Mean Equivalent P1ane-
Square Field Strength wave Power Density

Electric (VIm) Magnetic (Aim) (mW/cm2)

0.1-{) 99
1.0--9.9
10--3999

400-1.999.9
2,cxx}-3oo.00J

Frequency
(f) (MHz)

"f\ is the square root of frequency.

0.1-{) 99
10--9.9
10--3999

400-1,9999
2,cxx}-3oo.00J

The Guidelines on Limits of Exposure to Radiofre
quency Electromagnetic Fields in the Frequency Range
from 100 kHz to 300 GHzP prepared by the Interna
tional 1':on-Ionizing Radiation Committee of the In
ternational Radiation Protection Association and pub
lished in Health Phvsics in 1988, was based on the 1981
re\iew of biological effects compiled by the LTnited Na
tions Em;ronmental Program (l'NEPl/WHO/IRPA as
EI1\;ronmental Health Criterion 16,~·1 and it provided
the scientific rationale for interim guidelines published
in 1984. In the guidelines the basic limits for exposure
are expressed hv the specific ahsorption rate (SAR) in
units of \fatLS/kilogram. But for frequencies below
about 10 \IHz. SAR is noted to have limited llsefulness,
compared ....1th current density generated in lhe body.
which is estimated by the effective electric field strength
and effective magnetic field strength, Edr and Herr' in
units of \' 1m and Aim. Table 10 provides definitions
for the exposure limits.
. The occupalional upper limits are also qualified by

requiring that RF burns should be eliminated, which in
most cases can be done b\' reducing the E value from
614to 194 in the range of0.1-0.99 mHz and from 614/f
to 194/fl'~ in the range from 1.0 to 9.9 MHz.

The occupational exposures to frequencies above 10
MHz should not exceed a SAR of 0.4 W/kg averaged over
6 minutes and the whole body, provided lhal extremities
shall not be exposed to more than 20 W/kg and that 10
W/kg shall nOl be exceeded in olher parts of the body.

The foregoing findings are summarized and tentative
interpretations are given in Table 9. The nature of the
changes is obvious. If the finding is based on a peer-re
viewed report, one cannot ignore the published con
clusions, although where negative conclusions are cited
but alternate interpretations are possible. the final col
umn (the evaluation of the author) shows - +. Other
wise it would show + if the finding were positive and sta
tisticallv significant or + - if positive but not
conventionally significant (p < 0.05)

If the finding has been presented at a meeting or in
an abstract, or in the case of the Foreign Service Health
Studv. in the form of a report available on request, it is
considered presented. Of course, those studies that
were peer-reviewed need have no entrY in this column.

\'\l1Cre the available exposure information is clearly
nonspecific, hut suggestive, the studv can be descrihed
as "ecological." and although strong evidence of an ef
feet ma\" he present, the certain[\' thatH is relevant to RF
radiation exposure is unclear.

\\11ere a studv appears to have had positive findings
when initiated. but was not completed. it is indicated as
"truncated," and although the final column may show +,

indicating that what information is available points to a
positive association, the studv findings should be con
firmed.

The author makes no pretense of lack of bias in
choosing the reporLs to present in this review. Resources
did not allow a thorough search for negative findings,
and the consequence is that the list of findings must be
considered to manifest reporting bias.

It seems clear that more information is needed, that
data for longer follow-up periods for the L' .S. milit;ll~'

,lIld foreign-service worker cohorts should be collected
;md anah-zed. and that ;\ number of studies need to be
presented more fullv and evaluated b\" peer-re\;ew
processes. Possihh the single most useful piece of dat.1
would be the subsequent health histories of the 35 for
eIgn s('nice workers whose white blood cell mUL,tional
SLIlUS \\'as determined in 1966-1969. and of whom II in
;\ single sample indicated enough mutational changt· to

require clinical follow-up in the ,iew of the inn·stigator.
Of these possible effects. the weight of e,;dence is

greatest for cancer incidence and for effect on sponL,
neous abortion in the women who were pregnant while
exposcct. The other impressive item is the breadth of
the possible effects, which if all are ultimatel\' con
firmect, is difficult to distinguish from the speetrum of
effects one would expect from ionizing radiation. De
spite the much larger amount of crfon directed to stud
Ies of possible effects of (50-60 Hz) power-line expo
sures, this breadth of findings seems some\\'hat greater
than an impressionistic \iew of current findings for low
frequencY electromagnetic radiation exposures.
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For the general public, the exposures are based on a
limit of 0.08 WIkg (a fifth that for occupational expo
sure) (Table 11).

In the rationale for the standards, it is stated that the
SAR is a convenient quantity to assess biological effects
that depend on the increase in temperature associated
with RF absorption. While stating that: "The emerging
evidence for nonthermal mechanisms for biological ef
fects cannot be ignored, and has to be considered in es
tablishing exposure limits.. ," quantitative relationships
for non-thermal effects in humans are not given. On the
basis of behavioral changes in animals produced by and
average SAR of 4 WIkg for less than an hour, a tenfold
reduction to 0.4 WIkg is deemed permissible in order
to account for prolonged exposures.

"Threshold exposure conditions for biological effects
applicable to humans exposed to all parts of the fre
quency range and to all possible modulation frequen
cies do not exist. Thus safety factors must be incorpo
rated into the exposure limits to allow not onlv for the
lack of scientific data but for all possible conditions un
der which the exposure might occur," And "The com
minee considered the recent data linking electric and
magnetic field exposure to increased cancer risks of
congenital anomalies in various human populations.
Available data are inconclusive and cannot be used for
establishing exposure limits."

Before considering the adequacy of this set of rec
ommendations, it is well to re\iew the draft revision of
Environmental Health Criterion 16. circulated by
WHO and prepared in Rome in February 1990, and due
to be reviewed inJune 1990. 25 The draft report states "It
is not clear whether RF or microwave exposure. either
at thermal or non-thermal levels. can influence the
process of carcinogenesis. However. some preliminarv
evidence suggests that exposure may either increase
neoplastic transformation. or may act as a co-carcino
gen, It is vcrv important that these data be replicated
and extended."

DISCUSSION AND THE ROLE OF
EPIDEMIOLOGY

There is abundant evidence that hematologic abnor
malities were found earlY in the Moscow Embassv em
plovees. An effort was made to examine chromosomal
abnormalities and, although the contractor kept re
questmg that serial studies be done. the onlv results
available seemed to be cross-sectional ones, Even thev
show that there were substantiall\ increased frequen
cies of mutal10n in IH of the 36 indl\'iduals tested (In

c1ucting two with growth failure for the cultured cells),
Onh 17 were read as normal In a set of 5:~ tests of-13
persons.

However, a more recent stud\ finds that ph\'siOlhera
pisLS exposed to microw3n's ha\c subst;mtiallv in-

creased spontaneous abortion, while those exposed to
short-wave diathermy do not.

While cancer and leukemia may be increased in those _
sufficiently exposed to microwave radiation, it is a more
prudent base for the protection of exposed persons if
hematologic or chromosomal reactions are used, since
abnormalities in these indices can occur earlier and are
reversible. Insufficient attention has been paid to re
productive risk.

While there is good e\idence, both epidemiologically
and from the laboratoI)', that the frequency ofexposure
is an important characteristic in determining whether
unfavorable'health effects may occur among those ex
posed, it is premature to define any frequency range as
without effect.

Inevitably the populations likely to be found to have
been exposed will be small. This makes it all the more
important to undertake cooperative studies invohing
many similar exposures.

There are strong political and economic reasons for
wanting there to be no health effect of RFIMW expo
sure, just as there are strong public health reasons for
more accuratelv portraying the risks. Those of us who
imend to speak for public health must be ready for op
position that is nominally but not truly, scientific.

At present there seems to be little interest in or un
derstanding of epidemiologic information among reg
ulalOry bodies that should provide protection.26 While
we conduct epidemiologic studies as well as we possibly
can, we who are concerned with health protection and
careful identification of risks must also keep pressure on
the regulatory agencies lO include epidemiologic think
ing in their work.

There is no rcason for epidemiology to be limited to its
historical role ofbod\~ountingwhen there are more use
ful contributions to make as well, These include epidemi
ologic studies of biological indicators of exposure and of
risk, of hematologic changes (whether or not of clinical
relevance), of e\;dence for chromosomal effects, and of
reproductive outcomes in nominallv high-risk groups.
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NATIONAL CAPITAL PLANNING COMMISSION
801 PENNSYLVANIA AVENUE, N.W, SUITE 301

WASHINGTON, D.C. 20576

February 2, 1995

TO: National Capital Planning Commission Chainnan and Members

FROM: Dr. Patricia Elwood, Chainnan.jJ~
Antennae Task Force

REVISED

(2/2/95)

SUBJECT: Summary of Antennae Task Force Meetings - July 28, 1994 to January 5, 1995

The establishment ofthe Task Force in the Spring of 1994 resulted from the Commission's continual
concern about significant issues other than aesthetics in connection with the installation ofFederal
antennae and communication towers. The Chair, plus four-member Task Force consisting of
Messers. Grandis, Finberg, Shiplett, and Colby, was Directed by the Commission to research these
Issues.

The Task Force has conducted four separate meetings to date to obtain more infonnation on the
possible biological effects of radio frequency (RF) radiation emitted from transmitting antennae
(minutes of the meetings attached). The agenda of the first meeting conducted on June 30, 1994,
concerned the possibility of consolidating antennae at one or a few locations, creating an antenna
fann. Representatives from Washington International Teleport, one of the major teleports in the
metropolitan area, were invited to explain the mission and operation oftheir company. The teleport
is a collection ofantennae and satellite dishes that operates by sending and receiving transmissions
from a central site. The company successfully provides services to a variety ofbroadcast and cable
networks, domestic and international. Federal agencies were also identified as user clients.

Additionally, the Task Force heard the testimony of two frequent D.C. witnesses regarding the
biological effects of radio frequency radiation emitted from transmitting antennae. Mr. Phil
Mendelson, an ANC Commissioner and fonner aide to a Councilmember, and Ms. Marija Hughes,
a community activist who has herself suffered biological effects from such exposure, shared their
concerns and knowledge about adverse effects ofexposure to radiation. Ms. Hughes reconunended
that the Commission take the lead to regulate antennae construction and operation in the National
Capital Region.

To understand the biological effects ofRF radiation, the Task Force invited a medical panel ofexperts
to address them on August 18, 1994. The consensus of the panel was that although there appears
to be an ill effect on animals, it is still unknown if the effect of radiation on animals is similar to that
on humans. The panel also suggested the following course of action:
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1/

( 1)

~
."

..; 2)

j)c

require Federal agencies to submit periodic information to the Commission regarding
their maintenance and monitoring ofantennae, conducted aftet Commission approval;

require Federal agencies to submit proof that the installed antenna will not emit
radiation beyond a stated threshold;

3)

4)

5)

6)

consider a new requirement that restricts new antennae in specified areas (creating
exclusion zones);

investigate a partnership arrangement with the National Council on Radiation
Protection and Measurement;

investigate restricting public access to ground installation antennae with structural
barriers; and

require submitting Federal agencies to measure the RF radiation level of new antennae
and the cumulative RF radiation level when measured with existing antennae in the
vicinity, as well as future RF levels, using acceptable calculation models. These
recommendations were later rewritten in a separate memorandum outlining specific
recommendations suggested by the medical panel, dated October 6, 1994 and
contained in this packet.

On October 20, 1994, the Task Force spoke with Dr. Thomas Koval, a research scientist with the
National Council on Radiation Protection and Measurements (NCRP). Dr. Koval offered several
suggestions that the Commission could undertake. He suggested that the NCRP could possibly assist
the Commission in revising its antennae submission guidelines and perhaps undertake research in the
area ofcumulative biological effects ofRF radiation exposure. At the same meeting, the Task Force
was provided with copies of ordinances that govern the usage of telecommunication facilities in
selected cities, counties and states in the country (summary information matrix is attached).

Finally, on January 5, 1995, the Task Force invited representatives of the American Personal
Communications (APC) Company to describe that company's mission and to explain the operation
of the proposed regional Personal Communications System in the National Capital Region. Because
ofthe extensive network ofthe proposed system requiring the installation of200 to 300 antennae on
both private and public lands (including Federal property), the Task Force expressed concern about
the cumulative impacts of these antennae, as well as the additional antennae constructed from
competing antenna service companies in the National Capital Region. The task force requested that
the representatives of APC return with a comprehensive plan for antenna needs. An additional
request was subsequently made that the APC representative make a presentation before the full
Commission.


